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(57) ABSTRACT

Provided is a method of preparing thermoplastics-continuous
fiber hybrid composite, which is easily woven and has excel-
lent uniformity and impregnation at the time of hot melt
impregnation after the weaving, including: a) widely and
uniformly stretching a bundle of glass fibers; b) heating the
stretched glass fibers; ¢) preparing a thermoplastics-continu-
ous fiber bonding material by binding the heated glass fiber
with thermoplastics; d) preparing a multi-layered thermo-
plastics-continuous fiber bonding material by folding the
bonding material in a shape of zigzag; and e) pressing the
multi-layered thermoplastics-continuous fiber bonding mate-
rial.

9 Claims, 3 Drawing Sheets

§’-§ faltd hinding
Yomater iadl

Soogras i te

Eﬁ x}htﬁélt glass fiber and {,’*.s::om;:)h::ei s bbb id
form Linding matase tatl ™



US 9,068,284 B2
Page 2

(52) US.CL 7,226,518 B2 6/2007 Loubinoux
CPC ... YIOT 428/24686 (2015.01); YI0T 442/3033 8:470,114 B2* 62013 Jungetal ... 156/148

(2015.04); DO3D 15/0011 (2013.01); DO3D
15/0088 (2013.01); B29B 15/12 (2013.01) FOREIGN PATENT DOCUMENTS

JP 3-146736 A * 6/1991
(56) References Cited P 5-162125 A * 6/1993
JP 08-118522 A 5/1996
U.S. PATENT DOCUMENTS P 09-290482 A 11/1997
KR 10-0332727 9/2002
4,800,113 A * 1/1989 O’Connor ..............o..... 428/175 KR 10-2004-0025666 3/2004
5,094,883 A * 3/1992 Muzzyetal. . 427/185 KR 10-2006-0117677 A 11/2006
5,268,050 A * 12/1993 Azari ......ccoeoovveeninn.. 156/180
5,355,567 A 10/1994 Holliday OTHER PUBLICATIONS
5425981 A * 6/1995 Bruningetal. .......... 428/198 .
5447,793 A *  9/1995 Montsinger ........co........ 428/373 Human translation of Japanese Patent 3-146736, date unknown.*
5,626,643 A 5/1997 Woodside et al.
6,143,410 A * 112000 Bradt ........ccoovvvevnnnne 428/378 * cited by examiner



U.S. Patent Jun. 30, 2015 Sheet 1 of 3 US 9,068,284 B2

Fig. 1

g e L R RORREE e

Fig. 2

éj fiordod bH!ffHH}

ymaks bundlse of glass g by

&; il s wicks

b‘ 3!1@4? glbass Tibery and ;} complatas hvbr v d
i {u Torm inding matsyial Yocomposite



U.S. Patent Jun. 30, 2015 Sheet 2 of 3 US 9,068,284 B2

Fig. 3
400
“oo30n |
[ = 19
f g PP/GF50%
= (Lab)
S0 |
o~  PP/GF50%
S LFT-D
=00 |
0 z
0 10 20 30

Flexural Modulus (GPa)



U.S. Patent Jun. 30, 2015 Sheet 3 of 3 US 9,068,284 B2

Fig. 4

Fig. 5

surface of canvex bar




US 9,068,284 B2

1
METHOD OF PREPARING
THERMOPLASTICS-CONTINUOUS FIBER
HYBRID COMPOSITE

This application is a Continuation of application Ser. No.
12/452,391 filed Dec. 29, 2009, which claims priority to
PCT/KR2009/006087 filed on Oct. 21, 2009 and Korean
Patent Application No. 10-2008-0103506 filed on Oct. 22,
2008, all of which are hereby incorporated by reference
herein for all purposes in their entirety.

TECHNICAL FIELD

The present invention relates to a method of preparing
thermoplastics-continuous fiber hybrid composite, and more
specifically, to a method of preparing thermoplastics-con-
tinuous fiber hybrid composite, which has excellent flexibil-
ity and is easily woven by binding the thermoplastics in a
shape of tape without directly impregnating melted thermo-
plastic resin in a bundle of stretched continuous fibers and
maximizes uniformly and impregnation at the time of hot
melt impregnation after the weaving by forming a multi-
layered structure that the continuous fibers and the thermo-
plastics are alternately stacked.

BACKGROUND OF THE INVENTION

Continuous fiber-reinforced thermoplastics continuously
include a reinforced fiber, such as a glass fiber or a carbon
fiber, in thermoplastics having relatively vulnerable mechani-
cal intensity. The continuous fiber-reinforced thermoplastics
are very excellent in mechanical intensity, rigidity, and
impact performance, as compared to short fiber-reinforced
thermoplastics having a length up to 1 mm or long fiber-
reinforced thermoplastics (LFT) such as glass mat-reinforced
thermoplastics (GMT), which have a length of about 5 to 50
mm.

In addition, the continuous fiber-reinforced thermoplastics
having flexibility may be woven in a short direction or both
directions and the continuous fiber-reinforced thermoplastic
structure through this can be applied to products requiring
various mechanical performance.

The continuous fiber-reinforced thermoplastics are gener-
ally prepared by a pultrusion method, a hot pressing method
following commingle, etc.

The pultrusion method passes a bundle of the widely
stretched continuous fibers to a liquid (or melting) resin tub or
a die to impregnate thermoplastic resin in the bundle of the
continuous fibers. The pultrusion method can increase a
degree of impregnation when process conditions are opti-
mized; however, it is difficult to control a content of thermo-
plastic resin, degrades flexibility, and is not easily woven.

A hot pressing method followed by commingle is a method
of commingling the continuous fibers and the thermoplastic
resin in a fiber type and then performing the hot pressing
thereon. The hot pressed commingle fibers do not largely loss
the flexibility of fibers due to the physical binding of the
continuous fiber and the thermoplastic resin, such that the
weaving is easy and when hot rolled pressing is performed
after the weaving, the formability and impregnation are excel-
lent and the content of the thermoplastic resin and the rein-
forced fiber of the continuous fiber-reinforced thermoplastics
is freely controlled. However, since the thermoplastic resin is
randomly mixed in the bundle of the continuous fibers, when
the hot rolled pressing is performed after the weaving, the
sufficient impregnation does not partially occur, the unifor-
mity of physical properties is degraded and when the thermo-

w

10

15

20

25

30

40

45

50

55

60

65

2

plastic resin is prepared in a fiber type, it is restrictively
applied to the thermoplastics having sufficient elongation
characteristics in connection with workability.

Therefore, a development of the method of preparing ther-
moplastics-continuous fiber hybrid composite, which is eas-
ily woven, has excellent uniformity and impregnation upon
the thermal melting impregnation after the weaving, and can
use the thermoplastics in the various types, is urgently
required.

SUMMARY OF THE INVENTION

In order to solve the above-mentioned problems of the
related art, an aspect of the present invention is directed to
providing a method of preparing thermoplastics-continuous
fiber hybrid composite, which has excellent flexibility and is
easily woven by binding the thermoplastics in a shape of tape
without directly impregnating melted thermoplastic resin in a
bundle of stretched continuous fibers and maximizes unifor-
mity and impregnation at the time of hot melt impregnation
after the weaving by forming a multi-layered structure that
the continuous fibers and the thermoplastics are alternately
stacked.

Another aspect of the present invention is directed to pro-
viding thermoplastics-continuous fiber hybrid composite
prepared by the preparation method.

Another aspect of the present invention is directed to pro-
viding a continuous fiber-reinforced thermoplastic product in
a sheet or profile type prepared using the thermoplastics-
continuous fiber hybrid composite.

The above aspect of the present invention can be achieved
by the present invention as will be described below.

To achieve the aspect, the present invention provides a
method of preparing thermoplastics-continuous fiber hybrid
composite, which is easily woven and has excellent unifor-
mity and impregnation at the time of hot melt impregnation
after the weaving, comprising:

a) widely and uniformly stretching a bundle of glass fibers;

b) heating the stretched glass fibers;

¢) preparing a thermoplastics-continuous fiber bonding
material by binding the heated glass fiber with thermo-
plastics in a shape of tape;

d) preparing a multi-layered thermoplastics-continuous
fiber bonding material by folding the bonding material
in a shape of zigzag; and

e) pressing the multi-layered thermoplastics-continuous
fiber bonding material.

Further, the present invention provides thermoplastics-

continuous fiber hybrid composite prepared by the method.

Further, the present invention provides a continuous fiber-
reinforced thermoplastic product in a shape of sheet or profile
prepared using the thermoplastics-continuous fiber hybrid
composite.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram for schematically showing a process of
widely and uniformly stretching a bundle of glass fibers by a
convex bar and a guide bar.

FIG. 2 is a diagram for schematically showing a method of
preparing thermoplastics-continuous fiber hybrid composite
according to the present invention.

FIG. 3 is a diagram for schematically showing flexural
strength and flexural modulus of thermoplastics-continuous
fiber hybrid composite, etc., according to the present inven-
tion.
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FIG. 4 and FIG. 5 represent in more detail about L, H, S, ¢,
x and x,, described in this specification.

DETAILED DESCRIPTION OF MAIN
ELEMENTS

1: FIRST GUIDE BAR

2: FIRST CONVEX BAR

3: SECOND GUIDE BAR

4: SECOND CONVEX BAR

5: THIRD GUIDE BAR

Hereinafter, the present invention will be described in
detail.

The present invention provides a method of preparing ther-
moplastics-continuous fiber hybrid composite, which is eas-
ily woven and has excellent uniformity and impregnation at
the time of hot melt impregnation after the weaving, compris-
ing:

a) widely and uniformly stretching a bundle of glass fibers;

b) heating the stretched glass fibers;

¢) preparing a thermoplastics-continuous fiber bonding
material by binding the heated glass fiber with thermo-
plastics;

d) preparing a multi-layered thermoplastics-continuous
fiber bonding material by folding the bonding material
in a shape of zigzag; and

e) pressing the multi-layered thermoplastics-continuous
fiber bonding material.

If the bundle of the glass fibers of step a) can be generally
used for the continuous fiber-reinforced thermoplastics, any
bundle is used without limitation. In addition, the smaller the
diameter of the glass fiber is, the better the glass fiber is.
Generally, it is preferable that the diameter of the glass fiber
is about 15 to 20 um. As the bundle of the glass fibers, 1200
TEX is easily prepared in a wider width than 2400 TEX, but
since the 2400 TEX is higher in productivity when consider-
ing the economical aspect of the hybrid composite, it is more
preferable to use the 2400 TEX.

At step a), the bundle of the glass fibers can be gradually
widened and uniformly stretched by using a convex bar and a
guide bar in a multi stage, wherein the number of the used
convex bars and the guide bards can be controlled if neces-
sary.

The guide bar plays a role of preventing the bundle of the
glass fibers from being separated and guiding it to the convex
bar and has a structure of which the central portion contacting
the bundle of the glass fibers is flat and has a dented form with
respect to both ends thereof, which is controlled according to
the width of the glass fiber.

The convex bar plays a role of uniformly stretching the
bundle of the glass fibers in a sheet form and it is preferable
that the surface contacting the bundle of the glass fiber satis-
fies the following Equations 1 to 3.

[Equation 1]

L+(; —$)R=+ (x-x0)? + 12 +(; —o)r

N [Equation 2]

tang =

R [Equation 3]
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In Equations 1 to 3, R is a maximum radius of the convex
bar, r is a minimum radius of the convex bar, His aheight from
ahorizontal line passing through the center of the guide bar to
a center of the block bar, L is a distance from a contacting
point of the glass fiber and the guide bar to a contacting point
of'the glass fiber and a center of the convex bar, S is a distance
from a vertical line passing through the center of the convex
bar to the guide bar, x is a horizontal distance from an axial
symmetry plane of the convex bar to the glass fiber, x, is a
horizontal distance from a longitudinal symmetry plane of the
guide bar to the glass fiber, and ¢ is an angle joining the
vertical line passing through the center of the convex bar with
a tangent line of the convex bar.

In Equation 1, it is preferable that the /R value is at least
0.95 and the ¢ value is 45°. When they do not reach the range,
a phenomenon that the bundle of the glass fibers is not uni-
formly stretched but leans to one side and excessive tension is
applied to a strand of the glass fibers occurs.

At step b), the stretched glass fiber is heated at a tempera-
ture of 120 to 280 When the glass fibers in a shape oftape bind
to the thermoplastics within the temperature range, the finally
prepared thermoplastics-continuous fiber hybrid composite
has excellent flexibility and is easily woven. At this time, it is
preferable that the temperature is approximately selected by
referring to a melting temperature according to a type of the
thermoplastics in the tape shape and the hybrid composite is
optimized at a possible higher temperature in order to main-
tain the flexibility.

At step c), the thermoplastics in the tape shape may be
arranged in parallel on the same plane without a gap in the
state where a plurality of plastic tapes having a predetermined
width is stretched. It is preferable that the sum of the widths
corresponds to the widths of the heated glass fibers.

At step ¢) The thermoplastics in the tape shape may be
positioned on the upper portion or the lower portion of the
heated glass fiber but is preferably positioned on both the
upper and lower portions thereof.

The thermoplastic tape having the predetermined width is
not particularly limited. However, the thermoplastic tape may
be 2 to 40 mm in width and 500 to 4000 in denier. The content
of the continuous fiber in the prepared thermoplastics-con-
tinuous fiber hybrid composite can be controlled by control-
ling the width. Preferably, the content of the glass fiber is
controlled to have 40 to 80 wt %.

At step c), the thermoplastics-continuous fiber bonding
material may have a structure that the glass fiber and the
thermoplastics in the tape shape are stacked or a structure that
the thermoplastic tape, the glass fiber, and the thermoplastics
in the tape shape are stacked in order. Preferably, thermoplas-
tics-continuous fiber bonding material has a structure that the
thermoplastics in the tape shape, the glass fiber, and the ther-
moplastics in the tape shape are stacked in order.

Since the thermoplastics in the tape shape having a prede-
termined width do not require special elongation character-
istics unlike the related art including the commingle process,
it can use most commercialized thermoplastics, which can be
processed in a film or a tape shape. In the example of the
present invention, polypropylene was used.

The thickness of the polypropylene in the shape of tape
may be 30 to 200 um and may comprise a coupling agent.

At step d), the multi-layered thermoplastics-continuous
fiber bonding material has a zigzag shape by folding the
contact surface between the pluralities of thermoplastics in
the tape shape. As a result, the width is the same or similar as
and to one width of the thermoplastic tape.

At step e), the pressing can be performed at a temperature
of 120 to 280. When the temperature is too low, there is a
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problem in that the state where the multi-layered thermoplas-
tics-continuous fiber bonding material is folded is not main-
tained and is released again. On the other hand, when the
temperature is too high, the flexibility can be lost due to the
excessive impregnation.

The thermoplastics-continuous fiber hybrid composite,
which means the continuous fiber reinforced thermoplastics
before the melting impregnation of the thermoplastic resin by
the weaving and the hot rolled pressing, is prepared according
to the method of preparing thermoplastics-continuous fiber
hybrid composite.

The continuous fiber reinforced thermoplastic product
according to the present invention uses the thermoplastics-
continuous fiber hybrid composite to have the sheet or profile
shape prepared by the weaving and the hot rolled pressing.

When performing the hot rolled pressing on the woven
thermoplastics-continuous fiber hybrid composite, the ther-
moplastics are melting-impregnated in the reinforced fiber.

The present has the multi-layered structure of which the
continuous fiber and the thermoplastics are alternately
stacked, thereby making it possible to exhibit very excellent
impregnation even when a moving distance like a high vis-
cosity resin is limited up to 100 pm.

Examples

Hereinafter, the detailed examples of the method of pre-
paring thermoplastics-continuous fiber hybrid composite will
be described with reference to the accompanying drawings.

The step of widely and uniformly stretching the bundle of
the glass fibers was shown in detail in FIG. 1.

The bundle of the glass fibers used in the present invention
used 2400 TEX that is configured of 4000 strands of the glass
fiber having a diameter of 17 pm and the bundle of the glass
fibers, which is subjected to sizing treatment to be suitable for
the polypropylene resin, was used. Since the bundle of the
glass fibers has a width of about 5 mm at early state, the
central portion of the first guide bar 1 has a flat portion of 5
mm and has a dented form with respect to both ends thereof.
Then, the first convex bar 2, which is designed to satisfy the
condition of Equation 1, primarily widens the bundle of the
glass fibers to a width of 12 mm. Thereafter, the central
portion of the second guide bar 3 has a flat portion of 10 mm,
which plays a role of aligning the bundle of the glass fibers,
which is primarily widened to a width of 12 mm, at a width of
10 mm. The second convex bar 4, which is designed to satisfy
the condition of Equation 1, secondarily widens the bundle of
the glass fibers having a width of 10 mm from the second
guide bar 3 to a width of 24 mm. Thereafter, the central
portion of the third guide bar 5 has a flat portion of 20 mm,
which plays a role of aligning the bundle of the glass fibers,
which is secondarily widened to a width of 24 mm, at a width
of' 20 mm. As a result, the bundle of the glass fibers having a
width of 5 mm at early stage is widely and uniformly
stretched. The bundle of the glass fibers, which are widely
stretched, was formed at a thickness formed of two and three
glass fibers.

FIG. 2 showed the method of preparing thermoplastics-
continuous fiber hybrid composite, which has the multi-lay-
ered structure that the continuous fiber and the thermoplastics
are alternately stacked and excellent uniformity and impreg-
nation at the time of hot melt impregnation after the weaving,
comprising: preparing a thermoplastics-continuous fiber
bonding material by heating the stretched glass fibers and
binding the heated glass fiber with thermoplastics in the tape
shape; making the multi-layered thermoplastics-continuous
fiber bonding material by folding the bonding material in a
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6

shape of zigzag; and pressing the multi-layered thermoplas-
tics-continuous fiber bonding material. The thermoplastic in
the tape shape is polypropylene treated with a coupling agent
and thermoplastics having a denier of 2700 were used. There-
fore, the thermoplastics-continuous fiber hybrid composite
comprises 50 wt % of glass fiber.

Experimental Examples

As characteristic values for evaluating the performance,
the flexural strength and the flexural modulus were used. In
the sheet that is subjected to the hot rolled pressing after
weaving the thermoplastics-continuous fiber hybrid compos-
ite prepared according to the present invention, a sample was
collected according to the requirements of ASTM D790 and
then, results of evaluating physical properties thereof was
shown in FIG. 3.

As shown in FIG. 3, it could be appreciated that the ther-
moplastics-continuous fiber hybrid composite (PP/GF 50%)
prepared to the present invention is easily woven and has
excellent flexural strength (250 MPa) and flexural modulus
(15 GPa) as compared with the LFT-D (PP/GF 50%).

The above-mentioned thermoplastics-continuous fiber
hybrid composite according to the present invention illus-
trates the present invention, by way of example only. It is
apparent to those skilled in the art that various changes and
modifications can be made in the scope and spirit of the
present invention. It is to be understood that the present inven-
tion is intended to cover these changes and modifications
included in the appended claims.

As described above, the present invention can provides the
method of preparing thermoplastics-continuous fiber hybrid
composite, which has excellent flexibility and is easily woven
by binding the thermoplastics in a shape of tape without
directly impregnating melted thermoplastic resin in the
bundle of the stretched continuous fibers, maximizes unifor-
mity and impregnation at the time of the hot melt impregna-
tion after the weaving by forming a multi-layered structure
that the continuous fibers and the thermoplastics are alter-
nately stacked, and uses most commercialized thermoplastics
that can be processed in the shape of film or tape.

While the present invention has been described with
respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined in the following claims.

What is claimed is:

1. A method of preparing thermoplastics-continuous fiber

hybrid composite comprising the following steps of:

a) widely and uniformly stretching a bundle of glass fibers;

b) heating the stretched glass fibers;

¢) preparing a thermoplastics-continuous fiber bonding
material by binding the heated glass fiber with thermo-
plastics tape;

d) preparing a multi-layered thermoplastics-continuous
fiber bonding material by folding the thermoplastics-
continuous fiber bonding material in a shape of zigzag in
a longitudinal direction; and

e) pressing the multi-layered thermoplastics-continuous
fiber bonding material,

wherein the step ¢) is carried out by positioning the ther-
moplastics tape on an upper portion and/or a lower por-
tion of the stretched and heated glass fibers, so that the
thermoplastics-continuous fiber bonding material has a
structure that the stretched and heated glass fibers and
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the thermoplastics tape are stacked or that the stretched
and heated glass fibers are sandwiched between two
thermoplastics tapes,

wherein the thermoplastics-continuous fiber hybrid com-

posite is a raw material which does not involve weaving
and melting impregnation process for making a continu-
ous fiber reinforced thermoplastics.

2. The method of preparing thermoplastics-continuous
fiber hybrid composite of claim 1, wherein the step a) is
carried out by uniformly stretching the bundle of glass fibers
in a shape of sheet using a guide bar and a convex bar.

3. The method of preparing thermoplastics-continuous
fiber hybrid composite of claim 1, wherein the step b) is
carried out by heating the stretched glass fibers at 120 to 280°
C.

4. The method of preparing thermoplastics-continuous
fiber hybrid composite of claim 1, wherein the step ¢) is
carried out by arranging a plurality of the thermoplastics
tapes having a predetermined width in parallel on the same
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plane without a gap to be stretched, and the sum of the widths
corresponds to widths of the heated glass fibers.

5. The method of preparing thermoplastics-continuous
fiber hybrid composite of claim 4, wherein the thermoplastics
tapes having a predetermined width has 2 to 40 mm in width
and 500 to 4000 in denier.

6. The method of preparing thermoplastics-continuous
fiber hybrid composite claim 1, wherein the thermoplastics
tape of the step c) is polypropylene tape.

7. The method of preparing thermoplastics-continuous
fiber hybrid composite of claim 6, wherein the polypropylene
tape has a thickness 0130 to 200 pm and comprises a coupling
agent.

8. The method of preparing thermoplastics-continuous
fiber hybrid composite of claim 1, wherein the step e) is
carried out by pressing at a temperature of 120 to 280° C.

9. The method of preparing thermoplastics-continuous
fiber hybrid composite of claim 1, wherein the glass fiber
comprises as 40 to 80 wt %.
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